During the past few years, the phenomenon of surface melting has attracted much interest. It is now generally accepted that the melting of a crystal may be surface-initiated and that a solid crystal may be covered by a quasiliquid layer (QLL) at temperatures below the triple point (Tm). Numerous theoretical and experimental studies are currently performed in order to characterize the QLL Ill.
Surface melting of Pb(ll0) has been studied by ion scattering /2,3/, quasi-elastic He scattering 141, electron /5/ and X-ray 161 diffraction. Of principal interest are the temperature dependence of the QLL thickness /2,3,6/, the atom mobility in the molten layer 141 and the crystalline order 12-61. All these studies yield evidence of surface melting of Pb(ll0). However, the X-ray scattering experiment 161 is in conflict with the ion scattering results with regard to the temperature Here, we report the f i s t synchrotron X-ray reflectivity measurements on a melting surface. This technique is widely used for the characterization of liquid and liquid-crystal surfaces /7/ and has recently been applied to the study of surface roughness and relaxation in Au(100) 181. The theory of X-ray reflectivity has been extensively developed /7/. For a uniform medium terminated with a sharp stepwise interface to the vapour, the X-ray specular reflectivity is described by the Fresnel reflectivity RF. For a diffuse or rough interface, the reflectivity R deviates from RF and the deviation provides a measure of the density profile near the surface. Normalised to RF, the reflectivity is given by where ~' ( z ) denotes the gradient of the density profile p(z); Q and Q' are the wavevector transfer perpendicular to the surface plane outside and inside the crystal respectively. P(=) is the density deep in the crystal.
The purpose of this experiment is to probe the density profile in the near-surface region of Pb(ll0) by measuring the wavevector transfer dependence of the specular reflectivity for temperatures close to the melting point. Figure 1 shows a schematic view of the scattering geometry and of the two models considered in this study. The first model is a solid with bulk density ps up to the (rough) surface (Figure la) . In the second model, the solid is covered by a quasiliquid layer of thickness d and with a density p1 (Figure lb) . In both cases, the shape of the interfaces is described by an error function erf [z / ( h~) ] .
The experiments were performed on the wiggler beamline 9.4 of the Synchrotron Radiation Source (SRS) in Daresbury, U. K., using a UHV system and a diffractometer described elsewhere /9,10/. The sample was spark-cut from a single crystal bar of high purity, then mechanically polished. The surface was cleaned by cycles of Ar ion bombardment and annealing. The surface cleanliness was checked with Auger electron spectroscopy. The surface had a macroscopic figure of error of 0.8 degree, FWHM.
Several reflectivity curves were measured at different temperatures below Tm (Tm=600.7 K), using a monochromatic X-ray beam of wavelength h=l.80 A. At room temperature, the experimental reflectivity is accurately described by the Fresnel reflectivity RF, as expected for an atomically flat surface with a sharp interface. As the melting point is approached, the reflectivity deviates substantially from RF. With equation (I), reflectivity curves were calculated for the two models of figure 1 and fits were made to the measured curves (see figure 2 ). The first model with a rough non-melted solid surface (figure la) can be ruled out since it yields a reflectivity curve which is at large variance with the data (broken curve in figure 2) . The best fit from the QLL-model is shown by the solid curve in figure 2. At T = Tm -0.2 K, the QLL thickness is been found to be d=1.96 + 0.25 nm. This value is in good agreement with the ion scattering results (2.15 f 0.15 nm)/3/ but much larger than that of the X-ray study 161 . The average density of the QLL is 3.9 + 1.2 % smaller than that of solid Pb. This is close to the 3.0 % density difference between bulk solid and liquid at Tm 11 11. The width of the quasiliquid/vapour interface, 2OlV = 0.324 + 0.04 nm, is about one atomic diameter, as is expected for a bulk liquid-metal/vapour interface 1121. The width of the density profile at the solid/quasiliquid interface ( 0 . 1~ 20Sl <0.9 nm) is smaller than the width of the crystallinity profile found from ion scattering (1.4 nm) 1131; such a situation has been predicted by lattice theory for surface melting of Lennard-Jones crystals 1141.
This study demonstrates the suitability of X-ray reflectivity as a probe of surface melting. Information is obtained on the density profile near the surface. The existence of a quasiliquid layer on top of the Pb(ll0) surface, with average density close to that of bulk liquid is clearly shown at T=Tm-0.2 K. The QLL thicknesses used to fit the reflectivity curves at other temperatures below Tm are consistent with the ion-scattering results /2,3/, but disagree with the conclusions from the X-ray diffraction study by Fuoss et al. 161 . The reason for the discrepancy is not yet understood.
